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Abstract
Passive gamma ray spectrometry and neutron capture prompt gamma activation analysis (PGAA) were used to investigate pow-
dered cow’s milk samples [termed optimal (1), optimal (2) and optimal (3)] collected from local markets in the city of Cairo,
Egypt. Standard material with a total average activity of 0.830 ±  0.2 Ci and a certified reference material [IAEA (A-14)] were
used to study the accuracy of a passive multi-gamma ray measurement method. Three powdered milk samples of the same geom-
etry and volume were used in this analysis. The specific activity of 226Ra ranged from 24.5 ±  2.1 to 114 ±  1.2 Bq/kg, 232Th from
8 ±  1 to 14 ±  1.2 Bq/kg and 40K from 444 ±  28 to 1826.1 ±  3.1 Bq/kg, all of which were higher than the activities corresponding
to the United Nations Scientific Committee on the Effect of Atomic Radiation (UNSCEAR) (50, 50 and 500 Bq/kg for 226Ra,
232Th and 40K, respectively). The average dose rate at 1 cm for 40K ranged from 8.21E−02 ±  0.12 to 3.3E−1 ±  0.22 mSv/h/cm.
We also showed that 208Tl81, 212Pb82 and 212Bi83 should be considered products of thorium. k0-PGAA was carried out using an
integrated and calibrated prompt gamma ray system with a neutron flux of 106 n/cm2 per second. The thermal to epithermal
neutron flux ratio (f) and cadmium ratio were measured using a thin gold foil technique (ration = 160). Different Cl concen-
trations were prepared as standards for k0-PGAA. The elemental concentrations of Na, Mg, Al, Ca, Mn, Fe, Cu, Ga, Zn, As,
Se, Cs, Cd, In, Th and I were measured in the three powdered milk samples. The mean ±  standard deviation ranges of the
elements were as follows: Na = 1069 ±  49–1583 ±  53 ppm, Mg = 347 ±  13.64–385 ±  16.71 ppm, Al = 45 ±  1.30–72 ±  2.40 ppm,
Fe = 5500 ±  110–7123 ±  130 ppm, Zn = 107 ±  3–123 ±  6 ppm, Ca = 4200 ±  72–5483 ±  81 ppm, Mn = 1269 ±  69–1784 ±  72 ppm,
Pr = 1.7 ±  0.02–2.6 ±  0.07 ppm, Ga = 265 ±  5–293 ±  8 ppm, Cu = 57 ±  0.5–64 ±  0.9 ppm, In = 1000± 38.64–1574 ±  41.34 ppm,
Cd = 6.1 ±  2.71–12.6 ±  4.11 ppm, I = 53 ±  0.09–62 ±  1.18 ppm, Cs = 4 ±  1.56–11 ±  4.22 ppm, As = 26 ±  0.66–29 ±  0.89 ppm,
Se = 126 ±  4.8–144 ±  5.7 ppm, Th = 47 ±  1.0–78 ±  6.0 ppm.
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.  Introduction
The analysis of milk is important because milk is an
ndicator of environmental contamination, a significant
athway for toxic metal intake by humans and a source
f essential nutrients. Essential elements required by the
uman body include the four basic elements H, C, N
nd O; the quantity elements Na, Mg, K, Ca, P, S and
l; and the essential trace elements Mn, Fe, Co, Ni, Cu,
n, Mo, Se and I. Other trace elements include B, Ba,
o, Cr, Cu, Fe, Li, Mn, Mo, Ni, Sb, Se, Sn, Sr, V, W
nd Zn. These elements were detected previously in liq-
id milk and powdered milk using neutron activation
nalysis. The importance of trace elements in nutrition
s widely recognized as essential for growth and devel-
pment of human beings, especially during infancy. On
he other hand, several elemental deficiency syndromes
ave been reported over the past decades. Children in
articular are susceptible to the effects of a trace element
eficiency [1]. The determination of trace element levels
n food-stuffs, especially milk [2], could play an impor-
ant role in understanding a number of deficiency-related
iseases.
Diet quality is determined by the proportion of indi-
idual components, such as protein, fat, vitamins and
ydrocarbons, and by the concentrations of major and
ssential trace elements. A certain number of elements
re essential for life, while others are heavy metals or
oxic elements, which demonstrate their toxic influence
n human health and growth even at small concen-
rations. Some diseases are clearly correlated with an
mbalance of trace elements in the human body. The
xcess or deficiency of some trace elements has a sig-
ificant influence on human health. For example, a
eficiency in Fe causes anaemia and a deficiency in Zn
s associated with depressed growth, sexual immaturity
nd skin lesions. The trace mineral selenium (Se) is an
ssential nutrient of fundamental importance to human
ealth but is required only in small amounts. Selenium
eficiency can lead to heart disease, hypothyroidism and
 weakened immune system. In contrast, an excess of Mn
ay inhibit Fe absorption and an excess of Zn may cause
 Cu deficiency. A large fraction of natural radiation
xposure is due to ingestion of food containing natural
adionuclides such as 40K, 226Ra, 210Po and 210Pb [3–5].
mong these, 40K, which is an important radionuclide
rom a physical health point of view, is largely taken
p by humans due to its widespread distribution in the
nvironment and living organisms [1].
Milk is considered a reliable indicator of the gen-
ral population’s intake of certain radioactive nuclei.
he half-life of 40K is 1.3 billion years and it decaysity for Science 11 (2017) 186–195 187
to 40Ca by emitting a beta particle, with no attendant
gamma radiation (89% of the times), and 40Ar gas
by electron capture with the potential emission of an
energetic gamma ray (11% of the time). Thus, 40K is
both an internal and external health hazard. The strong
gamma radiation (Eγ  = 1.46 MeV) makes the external
exposure to this radioisotope a concern, while in the
body, 40K is a health hazard due to the beta particles
(E Max = 1.35 MeV) and gamma rays, which are asso-
ciated with cell damage and the potential for subsequent
cancer induction [6,7]. This cell damage is associated
with the ionizing radiation that results from radioactive
decay [8]. However, 40K behaves the same as ordi-
nary potassium, both in the environment and within the
human body, and it is an essential element for both.
Therefore, the amount taken in is readily absorbed into
the bloodstream and distributed throughout the body;
homeostatic controls regulate how much is retained or
cleared.
The determination of minor and trace elements in
milk powder can also be used as an indicator for envi-
ronmental pollution [9]. Neutron activation analysis was
employed for the precise and accurate determination of
the elements because it is a powerful method for the
direct analysis of solid food samples without dissolu-
tion, thus eliminating the possibility of contamination.
This technique also has low detection limits for many
inorganic constituents. Moreover, the quality control and
quality assurance of this technique is maintained through
the use of certified reference materials.
The main goal of this work was to investigate the
concentrations of certain elements in powdered milk
samples using k0-prompt gamma activation analysis (k0-
PGAA) to analyse the presence of trace elements and a
passive technique to determine the natural radioactivity.
The objective of this study was to measure the concen-
trations of Al, Pb, Cd, Cr, Cu, Fe, Mg, Mo, Mn, Ni, P, Sb,
Si, Sn, Zn and Ti in milk samples using prompt neutron
activation analysis. This technique performs a simulta-
neous, sequential determination of a large number of
elements from environmental and biological samples,
with the advantage of a short analysis time and low limit
of detection.
2.  Theoretical  aspects
2.1.  k0-Prompt  gamma  activation  analysis
(k0-PGAA)
The mass ratio (independent of the neutron flux) of an
element (x) can be determined using the matrix element
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of a reference element (y) within the sample according
to the following equation [10]:
Cx = Asp,x
Asp,c
.
1
k0,c(x)
.
εc
εx
(ppm) (1)
where Asp is the specific counting rate of a gamma ray
from neutron capture for unknown element x  and a com-
parator c, ε is the absolute gamma ray efficiency and
k0, is the factor relating the gamma ray yields for each
element (x) to a comparator element (c) by the equation
[11]:
k0,c(x) = Ax/εx
Ac/εc
(2)
The mass ratio (independent of the neutron flux) of an
element (x) can be determined using the matrix element
of a reference element (y) within the sample according
to the following equation [12]:
mx
my
= Axεyk0,y
Ayεxk0,x
(3)
The principal errors in determining the elemental con-
centrations include the statistical uncertainties of the
peak areas, the k0 factors and the detector efficien-
cies. The latter two typically have standard deviations
of less than a few percentages, and therefore the total
uncertainty is primarily determined by the counting
statistics. The k0 values in the database were measured
with respect to the very well-known hydrogen cross-
section, introducing a negligible systematic error of 0.2%
[13].
2.2.  Passive  measurements
Nuclear and radiological radioactive materials emit
a constant stream of gamma rays, neutrons and alpha
and beta particles. In many situations, the gamma rays
and neutrons can be detected remotely. Passive detection
systems measure these spontaneous emissions without
applying any external radiation.
The activity concentration C  (in Bq/kg) from the
counting rates for each of the detected full-energy peaks
of a radioisotope i and for a gamma ray energy e is given
by [14]
C  = Ni,e
εextxγi,exm
(4)
where Ni,e is the total net peak area of the radioisotope
i at energy e, m  is the mass of sample in kg, t is the livesity for Science 11 (2017) 186–195
measurement time in seconds, εe is the absolute effi-
ciency and γ i,e is the intensity of the selected gamma ray
energy.
2.3.  Sample  preparation
For passive measurements, three powdered milk sam-
ples were dried and placed in polyethylene bottles. The
bottles were completely sealed for more than one month
to allow radioactive secular equilibrium to be reached
between 238U and 232Th and their corresponding daugh-
ters to be measured by gamma spectrometry. This step
was necessary to ensure that radon gas is confined within
the volume and that the daughters will also remain in
the sample. The individual samples were placed on the
detector manually during the work and each sample was
analysed for a time of approximately 90,000 s. A multi-
gamma ray standard detector, serial number 1037, with a
total activity of 0.830 Ci was used in finding the energy
dependence of the efficiency of the used HPGe detection
system.
For active measurements, PGAA is ideally suited
for both qualitative and quantitative measurements of
trace elements in powdered milk. The ideal analytical
technique for measuring trace elements in powdered
milk must satisfy several requirements including high
precision, excellent accuracy, sensitivity of pico- to
monogram amounts, multi-element specificity, the abil-
ity to analyse solid as well as liquid samples and a
preference for non-destructive analysis for active mea-
surements. A set of high purity standard samples,
including Au, W and Zr, were irradiated for one week at
the activation facility (Fig. 1). Au, W and Zr data were
prepared for k0-PGAA utilisation.
Data acquisition was performed using Genie-2000
software from Canberra9 [15] and measured by neu-
tron flux at the irradiation position. Standard samples
were used to determine the neutron flux at the irradiation
position. Standard samples for elements were prepared
from high-purity materials of which the stoichiometry is
well known. Either Cl or H was used as a comparison
to determine the k0 factors. For the sample with Cl as a
comparison, chlorides or a mixture of compounds with
ammonium chloride were used. Thirty-two grams of a
powdered milk sample were placed in a polyethylene
bottle from the International Atomic Energy Agency,
mixed with 2 g of NH4Cl and irradiated for 2.82 h at
the same position as the standard sample. Fifty millil-
itres of conic HCl (having the same sample volume) was
used to determine the efficiency calibration and the accu-
racy of the applied method. The individual samples were
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s
r
T
dFig. 1. Prompt gamma neutron activation
laced on the detector, and each sample was analysed
eparately.
.4.  Apparatus  and  neutron  irradiation  facility
PGAA is a nuclear analytical technique used to detect
race and other elements in solid, liquid or gaseous
amples. The method consists of observing gamma
ays emitted by a sample during neutron irradiation.
he prompt gamma ray spectrometer (Fig. 1) has been
escribed in detail elsewhere [16].
Fig. 2. The position of ir installed at the Hot Laboratories Center.
The facility consists of a cubic container of polyeth-
ylene moderators (1 m3 in volume) with two steel-lead
collimators, one for the neutron source and the other for
the emitted gamma ray spectra. At the axial centre of the
container, a 252Cf neutron source (50 g) and the irradi-
ated sample (50 ml polyethylene container) were placed
as shown in Fig. 2. Two rectangular polyethylene holders
for the neutron source and the sample, with dimensions
of 200 mm high, 200 mm wide and 500 mm long, were
prepared to slide easily at the axial centre of the container
assembly. The neutron source in its container is fixed at
radiation sample.
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Table 1
Nuclear data used in the present work [17].
Product isotope Energy (keV) Half life time k0-Factor Cross section (barn)
24Na 1368.70 14.96 d 0.0699 0.53
27Mg 843.70 9.46 min 0.000372 0.00298
28Al 1778.90 2.24 min 0.0261 0.232
48Ca 3084.40 8.71 min 1.44E−04 0.0019
56Mn 846.75 2.579 h 0.7226 13.10
59Fe 1099.00 44.50 d 7.77E−05 1.14
66Cu 1038.00 5.12 min 0.00285 0.0598
69Ga 1464.00 21.1 min 0.00265 1.70
71Zn 121.50 2.45 min 1.09E−07 0.09
75As 559.10 26.24 h 0.081 2.00
77mSe 162.00 17.36 s 0.0328 0.038
115Cd 651.19 53.3 h 9.65 0.30
116mIn 416.80 54.41 min 1.13 43.00
128I 442.90 24.99 min 0.0142 0.595
134Cs 502.84 2.903 h 0.0058 0.256
233 3 min 
2 h 
Th 968.78 22.
142Pr 746.97 19.
the inner end of the source holders. The neutron beam
collimator is made from steel in a 50 mm long conical
shape lined with a 5 mm lead sheet to attenuate the fis-
sion gamma ray emitted within the 252Cf neutron source
and contains a 40 mm thick polyethylene plug. At the
narrow end of the collimator, there is a hole with a diam-
eter of 12 mm for holding the 252Cf neutron source. The
sample holder contains a hole with a diameter of 30 mm
at its inner end for placing the sample bottle. The source
sample holder assembly and their positions inside the
polyethylene container were chosen to increase the neu-
tron flux density at the target position as well as to protect
the gamma ray detector from the direct neutron beam.
Changing the sample under investigation or removing
the neutron source is easily accomplished by smoothly
sliding the two holders on both sides.
2.5.  Results  of  k0-PGAA  measurements
Gamma rays emitted from the three powdered milk
samples due to captured thermal neutrons were colli-
mated at a right angle to the gamma ray detector array
to minimize the neutron source background effect. The
gamma ray spectrum of the samples is shown in Fig. 3.
Table 1 shows the nuclear constants of the elements of
interest used in the present work.
The quantitative analysis of the powdered milk sam-
ples was obtained using Eq. (1). Table 2 represents the
concentration values detected in the three powdered milk
samples. The concentrations of Al, As, Au, Br, Ca, Co,
Cr, Cs, Se, He, K, Mg, Mn, Na, Bb, Se and Zn were
determined and their comparative values are discussed.0.00172 0.132
0.00314 0.146
For method validation, standard reference material A14
was analysed under the same conditions as the samples.
The results are presented in Table 2. These results com-
pared favourably with the reported values of the standard
reference materials.
The analytical results for the three milk samples
using k0-PGAA were compared with the past data. In
this work, we analysed 16 elements in three milk sam-
ples. Na, Mg, Al, Ca, Mn, Fe, Cu, Ga, Zn, As, Se, Cs,
Cd, In, Th and I were measured in each sample. The
data indicated that calcium, iron, sodium, manganese
and indium were major elements; arsenic, gallium, alu-
minium and copper were minor elements; and selenium
and cadmium were trace elements. The obtained data
were compared with the data from the packaging. Some
of the results were compared with present values. The
concentrations obtained for Al, Mn and Zn were very dif-
ferent compared to the corresponding values in samples
from other countries. The distribution of the concentra-
tions of the trace elements in optimal (1), optimal (2)
and optimal (3) are shown in Figs. 4 and 5, respectively.
Table 3 represents a comparison of the elemental con-
centrations of powdered milk in Egypt with published
values.
3.  Results  and  discussion
3.1.  Measurement  of the 252Cf  neutron  ﬂux  ratio  (f)PGAA measurements were carried out using a
thermal neutron beam, where the average neutron flux
at the sample positions, defined for the exact neutron
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Fig. 3. Prompt gamma-ray spectrum of milk powder sample number one.
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Table 2
Concentration values {Mean ±Relative Standard Deviation, n = 3) of Milk powder in three sample using k0-PGNAA techniques; units in ppm error
±5%.
Element k0-PGNAA
optimal (1)
(Mean ± SD)
k0-PGNAA sample
optimal (2)
(Mean ± SD)
k0-PGNAA sample
optimal (3)
(Mean ± SD)
Permissible
previous data
Manufacture
packaging data
Sodium 1069 ± 49 1583 ± 53 1275 ± 51 1424:1956 [15],
1000:3300 [9]
1800
Magnesium 360 ± 11.54 385 ± 16.71 347 ± 13.64 344 [15] 410
Aluminium 45 ± 1.30 67 ± 1.87 72 ± 2.40 10 [15] NF
Iron 5500 ± 110 6200 ± 118 7123 ± 130 ND 5000
Zinc 107 ± 3 123 ± 6 116 ± 5 32 [13] 38
Calcium 4200 ± 72 5483 ± 81 5237 ± 77 4824:5557 [15] 5000
Manganese 1350 ± 60 1784 ± 72 1269 ± 69 0.65–6.17
[15]–51:101 [16]
1800
Praseodymium 1.7 ± 0.02 2.6 ± 0.07 1.2 ± 0.01 ND NF
Gallium 265 ± 5 283 ± 7 293 ± 8 ND NF
Cupper 63 ± 0.7 57 ± 0.5 64 ± 0.9 ND 53
Indium 1000 ± 38.64 1369 ± 44.74 1574 ± 41.34 ND NF
Cadmium 6.1 ± 2.71 10.3 ± 3.61 12.6 ± 4.11 ND NF
Iodine 53 ± 0.09 62 ± 1.18 57 ± 0.91 ND 65
Cesium 4 ± 1.56 11 ± 4.22 9 ± 2.96 ND NF
Arsenic 29 ± 0.89 26 ± 0.66 28 ± 0.79 ND NF
Selenium 144 ± 5.7 126 ± 4.8 137 ± 4.9 26–252 [9] 1.1
Thorium 47 ± 1.0 61 ± 3.0 78 ± 6.0 ND NF
ND = not detected, NF = not found.
Data are the means ± standard deviation.
Table 3
Comparison of the elemental concentrations of milk powder in Egypt with the published values obtained by neutron activation analysis.
Country Concentration(ppm)
Mg Al Fe Zn Mn Cd Cu Ca Na
My work 360 45 5500 107 1350 6.1 63 4200 ± 72 1069 ± 49
Nigerian 433.90 10.13 – 32 6.17 ± 0.1 – – 4876 1424 [18]
Brazil 155 ± 5 – 5.33 ± 0.34 2.93 ± 0.12 
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Fig. 4. Net photopeak area to background ratio dependence with the
weight for 1460 keV gamma-ray line of 40K.0.63 ± 0.12 – 731 ± 14 660 ± 12 [19]
spectrum, was 6.16 ×  108n/cm2/s. This was performed
using 100 mg of gold foil.
Using the well-known cadmium ratio method, in
which the flux ratio can be calculated as [20]:
f  = φth
φepi
=  Q0
(
Asp(B)
Asp(Cd)
− 1
)
= Q0(RCd −  1) (9)
where Asp(B) and Asp(Cd) are the specific activities after
irradiating a gold bare and Cd-covered gold foils. The
cadmium ratio (f) was 160.
3.2.  Accuracy  of  the  passive  measurementA reliable approach for assessment of the accuracy
of the milk analysis is to determine the 40K concentra-
tion using the certified reference material (IAEA CRM)
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etector (1037, average total activity of 0.83 ±  0.2 Ci);
eference values are available in the same matrix. The
esults from determining the 40K concentration are given
n Table 4.
The different weights of the three powdered milk sam-
les with the same radii were used to find the optimum
olume that gives the highest value of counts per sec-
nd and the lowest error in net peak area. Table 4 shows
ounts per second of 18, 28 and 38 per g of sample (1);
ounts per second of 125, 200 and 250 per g of sample
2); and counts per second of 300, 360 and 540 per g of
ample (3). The elements were identified according to
he energies of the well-resolved characteristic gamma
ays of the naturally active isotope.
The elemental concentrations of the samples under
nvestigation were estimated by means of the specific
ctivities of the radioisotopes. The mean concentra-
ions and their standard deviations (SD) in the three
owdered milk samples are shown in Table 2. In the
owdered milk, the mean concentrations ±  standard
eviations for the different elements ranged as fol-
ows: Na = 1069 ±  49–1583 ±  53 ppm, Mg = 347 ±
3.64–385 ±  16.71 ppm, Al = 45 ±  1.30–72 ±  2.40 ppm,
e = 5500 ±  110–7123 ±  130 ppm, Zn = 107 ±  3–123 ±
 ppm, Ca = 4200 ±  72–5483 ±  81 ppm, Mn = 1269 ±
9–1784 ±  72 ppm, Pr 1.7 ±  0.02–2.6 ±  0.07 ppm,
a = 265 ±  5–293 ±  8 ppm, Cu 57 ±  0.5–64 ±  0.9 ppm,
n = 1000 ±  38.64–1574 ±  41.34 ppm, Cd = 6.1 ±  2.71–
2.6 ±  4.11 ppm, I = 53 ±  0.09–62 ±  1.18 ppm, Cs = 4 ±
able 4
he accuracy in the activity concentration (Bq/kg) of 40K in the certified refe
ertified reference material Concentration activity
(present work)
-14 526 
ulti-Gamma Standard source 2811  of milk powder sample 1.
1.56–11 ±  4.22 ppm, As = 26 ±  0.66–29 ±  0.89 ppm,
Se = 126 ±  4.8–144 ±  5.7 ppm, Th = 47 ±  1.0–78 ±
6.0 ppm. From these results, it is evident that the
samples were contaminated with various amounts of
heavy metals. These higher values may have arisen
from contamination during handling or exposure
during processing. Contamination during storage and/or
marketing and leaching from containers could also be
sources of Cd in milk and other dairy products. These
results suggest that public health hazards associated
with Zn, Se, Mn, Cd, Al and Fe in milk could be
relatively high but those for Na and Ca are relatively
low.
Table 5 indicates that there is no significant differ-
ence between the counts per second and both volume
and weight of the samples used in this study. By study-
ing the relationship between the weight and the net peak
to background ratio as shown in Fig. 4, we see that a
better result was obtained at a lower sample weight in
relation to sample height (4 cm).
In the present work, three samples having a height
of 4 cm and a radius of 5 cm were analysed to evaluate
the activity of gamma ray emitters from the samples. A
passive spectrum for the optimal (1) sample is shown in
Fig. 5.
In the milk sample spectra, it was possible to clearly
identify the 1460.8 keV (40K), 93.02 keV (Th) and
2614.4 keV (208Tl) lines (208Tl data were used to obtain
the 232Th activity). Table 6 shows the concentrations in
Bq/kg for 228Th, 40K, 208Tl, 212Pb, 131Ba, 224Ra and
rence material by passive gamma measurement (quality control).
Concentration activity
(certificated value)
Percent
error
Error in
NetPeak area
516.3 0.018 0.016
2754 0.02 0.02
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Table 5
The counts per second of natural radio-nuclides of milk powder sample related to sample weight (height).
Radio-Nuclides Energy (KeV) Optimal (1) Optimal (2) Optimal (3)
18 g 28 g 38 g 125 g 200 g 250 g 300 g 360 g 540 g
231Th 93.02 0.070 0.080 0.070 0.11 0.12 0.12 0.13 0.12 0.13
224Ra 185.99 0.05 0.07 0.06 0.07 0.07 0.08 0.07 0.09 0.08
131Ba 239.63 0.11 0.12 0.13 0.10 0.11 0.12 0.10 0.13 0.13
212Pb 351.99 0.05 0.05 0.07 0.05 005 0.05 0.05 005 0.05
208Tl 583.14 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04
2614.47 0.08 0.028 0.030 0.07 0.07 0.07 0.07 0.07 0.07
214Bi 609 0.05 0.05 0.06 0.02 0.02 0.02 0.02 0.02 0.02
234Pa 293.7 0.11 0.12 0.13 0.12 0.12 0.13 0.09 0.13 0.09
40K 1460 0.12 0.13 0.13 0.25 0.26 0.30 0.30 0.30 0.30
Table 6
The activity concentration of natural radio-nuclides in Bq/kg and its related dose rate values in mSv/h at 1 cm error (1–3%).
Radio-nuclides Sample 1 Sample 2 Sample 3 Permissible level [17]
Activity
Bq/kg
Dose rate at
1.0 cm (mSv/h)
Activity
Bq/kg
Dose rate at
1.0 cm (mSv/h)
Activity
Bq/kg
Dose rate at
1.0 cm (mSv/h)
Activity Bq/kg
228Th 8.6 1.86E−05 18 3.89E−05 14 3.02E−05 50
224Ra 66 8.07E−04 24.5 2.99E−03 114 1.39E−02 50
131Ba 21 6.90E−02 76 3.47E−02 100 4.50E−02 Not available
233Pa 38 1.03E−2 40 1.08E−02 50 1.35E−02 50
212Pb 9.3 4.02E−05 9.9 4.29E−05 11 4.33E−05 50
201Tl 34 8.04E−4 8 1.80E−04 11 2.60E−04 50
212Bi 13 2.15E−03 19 3.14E−03 15 2.48E−03 50
40K 444 8.21E−02 1826 3.30E−01 1131 2.10E−01 500
Table 7
Comparison of the average concentrations of 226Ra, 232Th and 40K in powered milk with those published data in powder milk (Bq/kg) obtained by
gamma-ray spectrometry.
Radio-nuclides Activity Bq/kg
Present work
Activity Bq/kg
Saudi Arabia [21]
Activity Bq/kg
Jordan [22]
Activity Bq/kg
Syria [23]
Activity Bq/kg
France [24]
Activity Bq/kg
New Zealand [25]
Activity Bq/kg
Brazil
232Th 8.6 0.29 ± 0.02 0.78–1.28 – 0.142 0.147–.166 1.6–3.6
40K 444 210.7 ± 2.26 349–392 129–435 434 594–605 475 ± 12
226Ra 66 0.55 ± 0.10 0.5–2.14 – 0.05 0.149–0.186 5.1–7.3212Bi. The corresponding relevant dose rates at 1 cm
were calculated. The results of the present study for the
seven radionuclide elements in the three milk samples
showed that the presence of thorium was due to 232Th
decay to 208Tl81, 212Pb82 and 212Bi83. The highest activ-
ity concentrations were found for 40K and ranged from
444 to 1826 Bq/kg. The data obtained was compared
with permissible levels. Table 7 shows that 226Ra, 232Th
and 40K activities measured in this work were com-
parable to other milk samples from around the world.
The 226Ra, 232Th and 40K activity levels determined
here are similar to those in powdered milk from other
countries.4.  Conclusions
The accuracy of the data obtained by passive measure-
ment was checked against the IAEA standard reference
biological sample (A-l 4) and the multi-gamma ray
standard. The tabulated data indicate that the largest con-
centration was that of 40K. The total concentration of
radionuclides due to 40K ranged from 444 to 1826 Bq/kg.
The dose rates for 40K ranged from 8.21E−02 to
3.3E−01 mSv/h at 1 cm. The results showed that using a
hot cell (irradiation with neutrons) and measuring the
prompt gamma rays have nondestructive and instant
detection and that there are some elements that could
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